INTRODUCTION
Amphibians are the most threatened vertebrates on Earth (Stuart et al. 2004) . Population declines and extinctions of many amphibian species are occurring at an unprecedented rate in numerous regions, mainly due to habitat loss and degradation (Stuart et al. 2004 , Catenazzi 2015 . A thorough understanding of the natural history of amphibian species, especially their trophic interactions, is critical to determine the impact In wildlife, trophic interactions can be studied through the determination of the respective species' diet and foraging behaviour, for which a series of techniques have been developed. These include, but are not restricted to, direct observations of feeding activities, functional morphology, stomach content and faecal analyses, fatty acid profiles and stable isotope analysis (SIA; Fry 2006 , Kupfer et al. 2006 , Phillips et al. 2014 , Cloyed et al. 2015 . A combination of these techniques is recommended, since this provides a more comprehensive understanding of the diet and ecological role of the species under study within their respective ecosystems (Hirai & Matsui 1999 , Altig et al. 2007 , Bishop et al. 2014 . The use of SIA has increased rapidly in the trophic ecology literature during the last 2 de cades (Phillips et al. 2014) . This technique allows the reconstruction of the diet and determination of tro phic positions of species in the food web. Consequently, this is a powerful analytical tool that serves as a complement to classical diet studies, providing information about the partitioning of nutrients into body tissues, and therefore evidence about which prey are assimilated rather than simply ingested (Fry 2006 ).
Despite the current use of SIA to study the feeding ecology of a wide variety of vertebrates, its application in amphibians has remained limited. This may be in part due to the lack of external structures such as hair, feathers or scales in amphibians, a situation that prevents a simpler, non-invasive or non-lethal approach to these types of studies (Boecklen et al. 2011 , Gillespie 2013 . So far in amphibians, this technique has been used to (1) study ontogenetic-related changes in the energy transfer from aquatic to terrestrial ecosystems (Kupfer et al. 2006 , Verburg et al. 2007 ), (2) evaluate the diet of tadpoles (Caut et al. 2013 , Carreira et al. 2016 , (3) quantify the impact of invasive species on native amphibians (Finlay & Vredenburg 2007 , Remon et al. 2016 ), (4) determine individual-level diet variation of adults (Araújo et al. 2007 , Cloyed & Eason 2016 ) and (5) make niche comparisons between sympatric species (Cloyed & Eason 2017) . This technique has also been employed to investigate the dietary requirements of endangered species to inform conservation management (Najera-Hillman et al. 2009 , Gillespie 2013 , Bishop et al. 2014 , Dittrich et al. 2017 .
The southern Darwin's frog Rhinoderma darwinii is a fully terrestrial amphibian that inhabits the austral temperate forests of Chile and Argentina (Soto-Azat et al. 2013a) . During the last 4 decades, this species has suffered severe population declines and local extinctions. It is currently categorized as Endangered by the IUCN Red List of Threatened Species due to its restricted area of occupancy, severely fragmented populations, ongoing habitat loss, susceptibility to chytridiomycosis and high vulnerability to climate change (Soto-Azat et al. 2013a ,b, 2015 . Its sister species, the northern Darwin's frog R. rufum, categorized as Critically Endangered by the IUCN. It has not been observed since 1980 and is considered possibly extinct, in which case R. darwinii would be the only extant representative of this genus of mouthbrooding frogs (Soto-Azat et al. 2013a) .
Several aspects of R. darwinii biology have received attention during the last decade, including studies on natural history, movement and population ecology, biogeography and assessment of threats such as emerging diseases and climate change (Bourke et al. 2010 , 2011a ,b, Soto-Azat et al. 2013a ,b, Valenzuela-Sánchez et al. 2014 , 2015 , 2017 . R. darwinii is a diurnal forest-specialist that is found in specific (and well-delimited) areas of undisturbed forest, forming small local populations (N = 10 to 145 frogs; Soto-Azat et al. 2013a , 2017 . This species also exhibits extremely high site fidelity and short movements with average home range of adults of 1.8 m 2 (Valenzuela-Sánchez et al. 2014 . However, despite its great relevance for ex situ and in situ conservation, the feeding ecology of this species has not been studied so far. For example, it is not known whether this frog is a dietary specialist. Therefore, the aims of this study were to (1) characterize the diet of R. darwinii using multiple techniques including analyses of available prey, gut contents and stable isotopes and (2) determine the trophic position of R. darwinii within a terrestrial forest food web.
MATERIALS AND METHODS

Study area
Rhinoderma darwinii individuals from 2 sites were studied: Huilo Huilo Private Reserve (39°52' 13.74'' S, 71°55' 0.06'' W, 584 m a.s.l.) and Puyehue National Park (40°39' 52.30'' S, 72°10' 31.60'' W, 364 m a.s.l.), both located in the foothills of the western Andes within the temperate forest of southern Chile, and only separated by 80 km in a straight line. This ecoregion has a humid temperate climate with 2 dry months in summer (January and February). The average temperature is 11°C, with annual precipi -tation > 2000 mm and a landscape dominated by Nothofagus trees (austral beeches; Lara et al. 2008) .
Sample collection
Between 2012 and 2015, as part of a long-term R. darwinii population monitoring project, 7 recently dead adult individuals were found (Soto-Azat et al. 2013a,b) . These included 3 frogs that died from chytridiomycosis and 4 that died from undetermined causes. All the carcasses (3 from Huilo Huilo and 4 from Puyehue) were immediately collected and placed in 70% ethanol for subsequent analyses. The carcasses were classified as fresh (< 48 h postmortem), since they showed minimal drying and did not present autolytic changes such as skin peeling, bloating, strong odour or loss of skin pigmentation (Cooper 2012 ).
In addition, following a microhabitat and a spatial ecology study done in the same area (Valenzuela-Sánchez 2017), prey availability was determined from 4 R. darwinii populations in Huilo Huilo. Invertebrate samples were collected from each of the sites using 2 methods: (1) a single direct diurnal search of 1 h duration, and (2) through the use of 10 pitfall traps, following the methodology of Work et al. (2002) . Searches covered the entire study plot equally, and invertebrate traps were arranged at equal distances from one another. The traps consisted of 500 ml plastic jars filled with 50 ml of water and buried into the ground, which were checked every 24 h over 3 consecutive days. Based on the body size of R. darwinii and following recommendations from other amphibian feeding ecology studies, only invertebrates ≤10 mm in body length were considered for the analyses (Löw & Török 1998 , Work et al. 2002 . Field conditions prevented the storage of frozen samples, so all collected invertebrates and frogs were immediately transferred to 70% ethanol for preservation.
Prey identification
Once at the laboratory, each R. darwinii specimen was ventrally dissected. Stomachs were removed and their contents extracted. Prey items from stomachs and those obtained from the environment were counted, measured for total body length (excluding all types of appendages) and identified to the lowest possible taxonomic level (usually to order or family level) using taxonomic keys (Briones et al. 2012) .
Stable isotope analysis
Approximately 1 mg of femoral muscle tissue from each frog and the same amount from the body of a representative subset of prey items were obtained. We were careful not to include the digestive tract of invertebrates (with the exception of mosquitoes and ants where this was not feasible; in these cases whole bodies were used). In total, 7 tissue samples of R. darwinii and 26 invertebrates (individuals), including all prey found in stomach contents (n = 5) and a subset from environmental samples (n = 21) were analysed (see Table 2 ). We determined the carbon and nitrogen isotope composition (δ 13 C and δ 15 N) of these samples, which indicates the energy source of the consumed food and the trophic position in the food chain, respectively. For lipid extraction from frog tissue, we used a solution of chloroform and methanol (2:1; Hussey et al. 2012 ). All samples were then dried for 18 h at 50°C and 0.5 mg was used for isotopic determination. The isotope composition was analysed using an elemental analyser (Eurovector) coupled to an isotope ratio mass spectrometer (Nu Instruments). Stable isotope ratios are reported in δ notation as the deviation from Pee Dee Belemnite for δ 13 C and atmospheric N 2 for δ 15 N (international standards). This ratio of 13 C/ 12 C and 15 N/ 14 N was expressed as relative difference per mil (‰), using the equation:
where R sample and R standard are the corresponding ratios of heavy to light isotopes ( 13 C/ 12 C and 15 N/ 14 N) in the sample and the standard, respectively. Typical precision of the analyses was ± 0.1 ‰ for both δ 15 N and δ 13 C.
Data analysis
For the pool of available invertebrates from each of the 4 R. darwinii populations at Huilo Huilo, we estimated the relative abundance of each taxon. To assess if there were differences in the isotopic signals between prey found in stomach contents and the prey obtained from the environment, a Mann-Whitney test was performed for the isotopic values of δ 13 C and δ 15 N, and significance was set at p < 0.05. The proportional contribution of each prey item to the diet of R. darwinii was estimated with Bayesian stable isotope mixing models using the MixSIAR package in R (Stock & Semmens 2013 , R Core Team 2014 . The model parameters were estimated by running 3 chains of 300 000 Markov Chain Monte Carlo itera-tions, with a burn-in of 100 000 and thinning every 100 observations. Chain convergence was assessed using the Gelman-Rubin Rhat statistic (i.e. Rhat values <1.1). To achieve higher resolution and ecological meaning in mixing models, Phillips et al. (2014) recommended a pooling of production sources with similar isotopic composition and similar ecological roles. Following Briones et al. (2012) and Bishop et al. (2014) , the invertebrate prey were grouped according to their diet into carnivores, detritivores and herbivores, and then tested with a 1-way ANOVA to confirm that the isotopic signals of each prey group were well supported. In addition, to determine the trophic enrichment factor (TEF), we used values of 1.3 ± 0.3 δ 13 C and 2.3 ± 0.18 δ 15 N, as proposed by McCutchan et al. (2003) .
The trophic position of R. darwinii was estimated using the package 'tTrophicPosition' in R, with the option 'Full model' that incorporates the calculation of trophic position of 2 basal organisms and the TEF for nitrogen and carbon (Quezada-Romegialli et al. 2018) . For this purpose, we used Orthoptera and Culicidae as a baseline, since both taxa showed the lowest values of nitrogen. To evaluate the dietary preferences of R. darwinii, we examined the relationships between the availability of the prey groups and their isotopic contribution in the frog tissue by calculating the Ivlev's electivity index. The purpose of Ivlev's index is to characterize the selectivity of a particular prey item by the consumer under study (Ivlev 1961) . The relationship is defined as:
( 2) where E is the measure of electivity, ri the relative abundance of prey item i in the SIA (as a proportion of the total SIA), and pi is the relative abundance of the same prey item in the environment. To approximate prey availability, we combined all the collected samples from Huilo Huilo. Ivlev's index has a possible range of −1 to +1, with negative values indicating avoidance or inaccessibility to the prey, zero indicating random selection from the environment, and positive values indicating active selection. E was calculated with the R package 'selectapref' (Richardson 2017) .
RESULTS
Stomach content
Only 3 out of 7 sampled stomachs and guts contained food (2 from Huilo Huilo and 1 from Puyehue).
In these, 5 different prey items (1 individual of each) were identified: Calacadia rossi (Amphinectidae: Arachnida), Dasytomorphus ruficollis (Aderidae: Coleoptera), Adalia sp. (Coccinellidae: Coleoptera) and 2 different species of Culicidae (Diptera).
Environmental prey availability
A total of 335 invertebrate individuals were collected from the surveyed plot with Rhinoderma darwinii at Huilo Huilo. Of these, 89 corresponded to invertebrates of ≤10 mm (and therefore were included in our analyses). These potential prey were identified as belonging to 11 taxonomic families, with the most abundant invertebrates being spiders (Amphinectidae, 36.0% of prey offer) and mosquitoes (Culicidae, 13.5%). The total number of specimens collected and prey richness per site are shown in Table 1 .
SIA
Stable carbon and nitrogen isotopic compositions from the tissue of R. darwinii and selected prey items are summarized in Table 2 . The isotopic values of δ 13 C and δ 15 N reported in prey obtained from stomach contents and environmental availability did not differ significantly (Mann-Whitney U-test, Z = −0.77, p = 0.939 for δ 13 C and Z = −0.941, p = 0.346 for δ 15 N). Prey groups were well differentiated in terms of isotopic signatures. Thus, there were significant values for δ 15 N among invertebrate groups (1-way ANOVA, F = 32.11, p < 0.001), but not for δ 13 C (1-way ANOVA, F = 2.61, p = 0.095), the latter reflecting no difference in habitat used among the 3 groups. R. darwinii individuals had slightly more enriched δ 15 N values than all invertebrates (3.6 ± 0.7 ‰), except for carnivore invertebrates, indicating that the frogs feed mostly on the herbivore and detritivore groups ( Table 2 ). Fig. 1 shows the results of the isotope signals of frogs and their prey, with TEF-adjusted isotope values for the frogs. The isotopic signal of δ 13 C is reduced to the range of −27 to −23 ‰, an isotopic range representing a diet entirely of terrestrial origin. In general, the δ 13 C and δ 15 N isotopic composition of prey groups provided a clear split between carnivore invertebrates and the other prey groups. Carnivore invertebrates presented the most reduced range of δ 13 C and δ 15 N, indicating a reduced trophic behaviour associated with a higher specialization of their diet. In contrast, detritivore and herbivore invertebrates presented a considerable overlap in their δ 13 C and δ 15 N isotopic signals, suggesting trophic similarity between some species within these groups. Also, the wide range of δ 13 C shown by herbivore and detritivore invertebrates indicated that these organisms obtain their food from different types of primary producers (Fig. 1) . Another 23.6 ± 17.0% of the diet was from the consumption of detritivore invertebrates, while carnivores contributed 8.4 ± 8.0% (Fig. 2) . The trophic position calculated for R. darwinii was 2.9, which indicates that R. darwinii is a secondary consumer. The relationships of feeding patterns and prey availability using Ivlev's selectivity index showed that the species does not actively select its prey (Table 3) .
DISCUSSION
This is the first study to provide insights into the trophic ecology of Rhinoderma darwinii. By using stomach contents, environmental prey availability and stable isotope techniques, we were able to (1) determine the contribution of different prey in the assimilated diet of R. darwinii, (2) provide evidence that this species exhibits a generalist predatory behaviour and (3) show that they are secondary con sumers. Our results contribute to a further understanding of the ecology of R. darwinii, of community interactions within their environment and of the potential impact of habitat modification, as well as to informing in situ and ex situ conservation of this Endangered species. Determining the diet and trophic position of R. darwinii serves as a baseline for aiding in reintroduction and restoration projects, and provides useful information to improve captive management.
Our study showed that herbivore, detritivore and carnivore invertebrates play differential roles in the diet of R. darwinii. Although highly abundant in the environment, consumption of carnivore invertebrates was lower, as shown by the low proportion in the assimilated food of R. darwinii. In contrast, there was no evidence for major selection among herbivore and detritivore invertebrates, approximately reflecting their proportions in abundance in the environment (Table 3 ). This reduced consumption of carnivore invertebrates (i.e. spiders) by R. darwinii may be the result of that prey's behaviour (e.g. rapid movement, active defence, nocturnal habits), which can be effective against predation (Wirsing et al. 2010) . It is important to note that spiders collected from the environment and included in the analyses varied little in size and were all slightly under the 10 mm cut-off point of inclusion criteria (range: 8.5 to 9.5 mm), therefore spiders were considerably larger than other prey. Also, spiders are characterized by having long appendages, which were not considered here in the body size measurement. Therefore, it might be possible that this type of prey was not readily consumed due to its size. Overall, our results suggest that R. darwinii exhibits a generalist predatory be ha viour, since they feed on different types of invertebrates associated with the detritus and vegetation found in their habitat. This is consistent with previous observations showing a sit-and-wait predatory behaviour in R. darwinii (Crump 2002) , a strategy that might be used by some generalist and cryptic animals to avoid energy loss when searching for food and to prevent predation (see Video S1 in the Supplement at www.int-res. com/ articles/ suppl/ n036 p269 _ supp/).
R. darwinii has a scattered distribution within the native forest it inhabits, forming relatively welldelimited local populations (Crump 2002, Soto- Valenzuela-Sánchez et al. 2014) . Habitat selection by this species is not well understood and it is possible that the availability of suitable prey items plays some role. Our data shows that the relative abundance of invertebrate herbivores (> 40%) is higher than that of other prey groups at sites occupied by R. darwinii (Table 1 ), suggesting that the abundance and composition of invertebrate communities may be important factors for habitat selection, for instance influencing settlement decisions during juvenile dispersal (Valenzuela-Sánchez 2017). Further studies to better understand key factors regarding habitat selection, including food resources, are required -particularly for improving in situ conservation management and reintroduction programmes (Bishop et al. 2014 ).
Prior to this study, the only reference to R. darwinii diet was that of Wilhelm (1927, p. 13) , who described from stomach contents 'the presence of insects of the genus Musca, Hiperalomia, Tipulidas, Agrion, Perla, Gyrinus, Aechna, and Cordulia'; however, some of these taxonomic classifications are no longer in use. After analysing for taxonomic changes (Camousseight & Vera 2007 , Briones et al. 2012 , we identified that these invertebrates correspond mainly to medium-to large-sized flying insects. Since Wilhelm's (1927) vague description and because no information on location, number of analysed stomachs, prey abundance or prey life stages were provided, it is not possible to compare those findings with our results.
Darwin's frogs are of high conservation concern: of the 2 species, one, R. darwinii, is Endangered, and the other, R. rufum, has not been observed in the wild for the last 4 decades (Soto-Azat et al. 2013a,b) . Thus, existing ex situ conservation initiatives in Chile have focused on the captive breeding of R. darwinii, aiming to safeguard assurance colonies of the species, and also to establish analogous captive breeding protocols in case R. rufum is rediscovered and captive breeding is required (Fabry & Tirado-Sepúlveda 2012 , Ortiz et al. 2012 . In this context, information on the diet of R. darwinii comes from the experience of captive breeding projects. Between 1985 and 2007, the Zoologisches Forschungsmuseum Alexander Koenig in Bonn, Germany, was the first to establish a long-term captive breeding programme for R. darwinii. More recently, 2 other projects were established in Chile at the University of Concepción (Ortiz et al. 2012) and Zoológico Nacional (Fabry & Tirado-Sepúlveda 2012) , in 2009 and 2010 respectively. In these, the most frequently used prey to feed R. darwinii includes small crickets (Gryllus and Achaeta), fruit flies (Drosophila), aphids (Acer and Aphis), woodlice (Porcellia) and springtails (Collembola; Busse 2004 , Ortiz et al. 2012 . Although relevant for animal husbandry, many of these food items are not found naturally in Rhinoderma habitat. Also, it is unclear how different dietary compositions may affect individual fitness in this species. Gillespie (2013), studying the feeding ecology of the threatened salamander Eurycea sosorum in Texas using stable isotopes, suggested that feeding a combination of prey items should improve the success of captive breeding of that species. Likewise, Ogilvy et al. (2012) found a higher fecundity in female Agalychnis callidryas frogs raised on diets enriched with carotenoids compared to controls. In addition, a carotenoid-enriched diet has been shown to be beneficial for the bacterial community associated with the skin of captive A. callidryas, having important implications for the suitability of populations intended for reintroductions (Antwis et al. 2014) . Dietary information from locally imperiled species is a necessary component in designing management and conservation programmes (Solé & Rödder 2010) . For instance, stable isotope studies have been a key aspect in assessing the success of reintroduction programmes in Przewalski's horses Equus ferus prze walskii (Kaczensky et al. 2017 ) and bald eagles Haliaeetus leucocephalus . In amphibians, monitoring Australian green and golden bell frogs Litoria aurea subjected to conservation management has shown a reduction in reproduction in reintroduced frogs from created habitat compared to surrounding wild populations, probably associated with a reduced diversity of invertebrate prey in the created habitat. Therefore, determining with precision the invertebrates on which R. darwinii preys on in nature will help in the assessment of habitat for translocations and other in situ conservation habitat management practices (e.g. habitat restoration), while at the same time providing very useful information for captivebreeding conservation purposes (Najera-Hillman et al. 2009 , Gillespie 2013 , Bishop et al. 2014 .
The carbon isotopic signal showed that the primary carbon source in R. darwinii corresponds to C 3 plant photosynthetic pathways. These plants have a carbon isotopic composition of around −28 ‰ (Fry 2006) and are the dominant species in the austral temperate forests of Chile and Argentina (e.g. Nothofagus spp.). C 3 plants are associated with humid environments in which CO 2 capture requires less energy expenditure (Peri et al. 2012) . Although the terrestrial origin of the diet of R. darwinii was evident, the variation in the isotope values of δ 13 C can be indicative of the variation of the diet at the individual level due to differences in the use of available resources by the frogs (Araújo et al. 2009 ).
In contrast, δ 15 N from R. darwinii tissue presented a reduced range, indicating that their prey occupies the same trophic position in the ecosystem. Our estimated concentration of δ 15 N for R. darwinii (3.6 ± 0.7 ‰) was lower than that reported in other feeding ecology studies of amphibians. Studying several species of terrestrial frogs of 6 genera from Panama, Verburg et al. (2007) reported average δ 15 N values of 5.5 ‰. Also, adult Rana macrodactyla from the tropical forests of Thailand had a δ 15 N isotopic signal of about 6 ‰ (Kupfer et al. 2006 ). These observed differences in the values of isotopic nitrogen may reflect possible differences in baseline δ 15 N of their respective food webs, rather than a difference in trophic roles. Consequently, all these species were identified as secondary consumers (primarily preying on herbivore invertebrates) and with similar trophic positions. Lower levels of δ 15 N in R. darwinii can possibly be attributed to the type of prey consumed, which presented low concentrations of δ 15 N (1.5 ± 0.6 ‰). Leiopelma hochstetteri frogs from New Zealand are reported to feed primarily on terrestrial invertebrates, including spiders, presenting a δ 15 N of 4.1 ± 0.2 ‰ (Najera-Hillman et al. 2009). Similar results to ours were reported for Hoplobatrachus rugulosus frogs raised in frog farms in Vietnam, with average δ 15 N values of 3.5 ‰ (Dittrich et al. 2017) . In that study, the authors postulated that the low δ 15 N concentration was associated with a restricted consumption of animal protein in captivity. In our case, the low values of δ 15 N found in R. darwinii can be explained by their predominant intake of prey that does not consume animal proteins (i.e. herbivores).
Among the main caveats of our study is the small sample size of stomachs and frog tissue for SIA. However, this is a common problem when dealing with cryptic and endangered species (Najera-Hillman et al. 2009 ). Another criticism concerns the use of ethanol for sample preservation, since it can interfere with the isotopic signal of δ 13 C and δ 15 N, potentially causing a change in its values (Sarakinos et al. 2002 , Stallings et al. 2015 , Kishe-Machumu et al. 2017 ). However, this impact is considered to be minimal since our invertebrate samples were all treated in the same way and only maintained in ethanol for 1 wk prior to being processed in the laboratory. Ethanol is a widely used preservative in feeding ecology studies (Marcus et al. 2017) , and our field conditions did not allow for freezing the samples. Another potential source of variation is the 4 yr time span over which samples were collected. While isotopic baselines may change over this window of time, we believe this potential impact is negligible since the environments inhabited by R. darwinii exhibit a high level of spatiotemporal homogeneity (Soto-Azat et al. 2013a ). In addition, following Phillips et al. (2014) we grouped prey by their foraging behaviours in our mixing model analyses, thus minimizing any possible effect of a change in availability of a specific taxon during this period of time.
Our study provides a better understanding of the role of R. darwinii in the austral temperate forests of South America. The results of the trophic position of R. darwinii revealed their importance in the transfer of nutrients along the food chain, linking low trophic positions with intermediate predators. Although we provided information on the food web structure of R. darwinii, it is important for future studies to expand the spectrum of studied species to higher trophic positions to integrate potential predators (e.g. birds or reptiles) or other species of anurans sympatric to R. darwinii, as well as to lower trophic levels to comprehend the variety of primary producers in this trophic system. The use of stable isotopes provides a robust methodology to determine ingested and assimilated food, as well as information on the trophic position of the species under study (Davis et al. 2012) . The use of SIA enables us to obtain relevant dietary information, and together with complementary data (i.e. stomach content analysis and prey availability), is a recommended approach when working with highly threatened and cryptic species, from which specimens can be difficult to obtain (Gillespie 2013).
CONCLUSIONS
This study revealed relevant aspects of the feeding ecology of Rhinoderma darwinii. This frog occupies the position of a secondary consumer in its food web and exhibits a generalist behaviour, feeding mainly on different terrestrial herbivore invertebrates. Ex situ and in situ conservation management, based on captive breeding, animal reintroductions and habitat protection, will benefit from the information generated here. More broadly, this study illustrates how the stable isotope technique allows the generation of robust information on trophic ecology in imperiled species. awarded by Universidad Andres Bello. This research project was approved by the Bioethics Committee at the Universidad Andres Bello, Chile (N°13/2015), and by permits N°5666/2013, N°230/2015, and N°212/2016 of the Chilean Agriculture and Livestock Service, and N°026/2013 and N°11/2015 IX of the Chilean National Forestry Corporation. This study was funded by the Dirección General de Investigación y Doctorados, Universidad Andres Bello, through grant N°DI-53-11/R and national funds through FONDE CYT N°11140902 and 1181758 (to C.S.A.).
